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Self -assembling peptides as injectable lubricants for 
osteoarthritis 

Bell, Carol J.; Carrick, Lisa M . ; Katta, Jayanth; Jin, 
Zhongmin; Ingham, Eileen; Aggeli, Amalia; Boden, 
Neville; Waigh, Thomas A.; Fisher, John 
Institute of Medical and Biological Engineering, 
School of Mechanical Engineering, University of Leeds, 
Leeds, West Yorkshire, LS2 9JT, UK 
Journal of Biomedical Materials Research, Part A 
(2006), 78A(2), 236-246 
CODEN: JBMRCH; ISSN: 1549-3296 
John Wiley & Sons, Inc. 
Journal 
English 

The self-assembly of peptides is explored as an alternative route towards 
the development of new injectable joint lubricants for osteoarthritis 
(OA) . The versatility of the peptide chemical allows the incorporation of 
behavior reminiscent of hyaluronic acid (HA), while. the triggered in situ 
self-assembly provides easy delivery of the samples by injection due to 
the low viscosity of the peptide solns . (that are initially monomeric) . 
Using design criteria based on the chemical properties of HA, a range of de 
novo peptides were prepared with systematic alterations of charge and 
hydrophilicity that self -assembled into nematic fluids and gels in 
physiol . solution conditions. The frictional characteristics of the peptides 
were evaluated using cartilage on cartilage sliding contacts along with 
their rheol . characteristics. Peptide Pll-9, whose mol . , mesoscopic, and 
rheol . properties most closely resembled HA was found to be the most 
effective lubricant amongst the peptides. In healthy static and dynamic 
friction testing (corresponding to healthy joints) Pll-9 at 20-40 mg/mL 
performed similar to HA at 10 mg/mL. In friction tests with damaged 
cartilage (corresponding to early stage OA) Pll-9 was a less efficient 
lubricant than HA, but still the best among all the peptides tested. The 
results indicate that de novo self -assembling peptides could be developed 
as an alternate therapeutic lubricant for early stage OA. 
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The Internal Dynamic Modes of Charged Self -Assembled 
Peptide Fibrils 

Carrick, L.; Tassieri, M.; Waigh, T. A.; Aggeli, A. ; 
Boden, N. ; Bell, C. ; Fisher, J.; Ingham, E . ; Evans, R. 
M. L. 

Centre for Self -Organizing Molecular Systems, 
Department of Chemistry, University of Leeds, Leeds, 
LS2 9JT, UK 

Langmuir (2005), 21(9), 3733-3737 
CODEN: LANGD5; ISSN: 074 3-74 63 
American Chemical Society 



DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Photon correlation spectroscopy is used to study the internal dynamics of 
self -assembled charged peptide fibrils. Short neutral and charged 
polymeric aggregates have diffusive modes due to whole macromol. motion. 
For long semiflexible fibrils the logarithm of the intermediate scattering 
function follows a q2t3/4 scaling at long times consistent with a 
Kratky-Porod free energy and preaveraged Oseen hydrodynamics. Persistence 
lengths on the order of micrometers are calculated for the peptide fibrils 
consistent with ests. from the liquid-crystalline phase behavior. Fibril 

diams . 

(5-35 nm) calculated from the initial decay of the correlation functions are 
in agreement with transmission electron microscopy measurements. 
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AB This invention relates to novel supramol . aggregates, polymers and 
networks made by p-sheet self-assembly of rationally designed 
peptides, and their uses as responsive industrial fluids (oil 
exploration) , as personal care products, as tissue reconstruction devices, 
or as controlled drug delivery systems. 
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2003 : 979729 HCAPLUS 
140:146504 

Self -assembling peptide polyelectrolyte (3- sheet 
complexes form nematic hydrogels 

Aggeli, Amalia; Bell, Mark; Boden, Neville; Carrick, 
Lisa M . ; Strong, Andrew E. 

Centre for Self -Organizing Molecular systems, 
Department of Chemistry, University of Leeds, Leeds, 
LS2 9JT, UK 

Angewandte Chemie, International Edition (2003) , 
42(45), 5603-5606 
CODEN: ACIEF5; ISSN: 1433-7851 
Wiley- VCH Verlag GmbH & Co. KG a A 
Journal 
English 

CASREACT 14 0:146504 
Fibrillar networks built up from polyelectrolyte (5- sheet complexes 
formed by spontaneous self-assembly, when solns. of prepared on solid phase 
cationic and anionic oligopeptides are mixed, were studied by FTIR, CD, 
NMR, and TEM spectroscopies. At the macroscopic level the resulting 
solns. are nematic hydrogels. The polyelectrolyte p- sheet complexes 
have 1:1 stoichiometry and their networks quite robust to variations in pH 
or peptide concentration 
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2003 : 968504 HCAPLUS 
140:146500 

Energy Migration in Novel pH-Triggered Self -Assembled 
p- Sheet Ribbons 

Kayser, Veysel; Turton, David A.; Aggeli, Amalia; 
Beevers, Andrew; Reid, Gavin D. ; Beddard, Godfrey S. 
Department of Chemistry and Centre for Chemical 
Dynamics, University of Leeds, Leeds, LS2 9JT, UK 
Journal of the American Chemical Society (2004), 
126(1), 336-343 

CODEN: JACSAT; ISSN: 0002-7863 
American Chemical Society 
Journal 
English 

Energy migration between tryptophan (Trp) residues has been exptl. 
demonstrated in self -assembled peptide tapes (peptide = 
MeCO-Gln-Gln-Arg-Phe-Glu-Trp-Glu-Phe-Glu-Gln-Gln-NH2) . The peptide 
self-assembly is pH-sensitive and forms amphiphilic tapes, which further 
stack in ribbons (double tapes) and fibrils in water depending on the 
concentration Fluorescence spectra, quenching, and anisotropy expts. showed 

when the pH is lowered from 9 to 2, the peptide self-assembly buries the 
Trp in a hydrophobic and restricted environment in the interior of stable 
ribbons as expected on the basis of the peptide design. These 
fluorescence data support directly and for the first time the presence of 
such ribbons which are characterized by a highly packed and stable 
hydrophobic interior. In common with Trp in many proteins, fluorescence 
lifetimes are nonexponential , but the average lifetime is shorter at low pH, 
possibly due to quenching with neighboring Phe residues. Unexpectedly, 
time- resolved fluorescence anisotropy does not change significantly with 
self-assembly when in water. In highly viscous sucrose- water mixts., the 
anisotropy decay at low pH was largely unchanged compared to that in 
water, whereas at high pH, the anisotropy decay increased significantly. 
The authors concluded that depolarization at low pH was not due to 
rotational diffusion but mainly due to energy migration between adjacent 
Trp residues. This was supported by a master equation kinetic model of 
Trp-Trp energy migration, which showed that the simulated and exptl. 



results are in good agreement, although on average only three Trp residues 
were visited before emission. 
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Fishwick, Colin W. G.; Harding, Richard; Mawer, Peter 
J.; Radford, Sheena E . ; Strong, Andrew E.; Boden, 
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SOURCE: Journal of the American Chemical Society (2003), 

125 (32) , 9619-9628 

CODEN: JACSAT; ISSN: 0002-7863 
PUBLISHER: American Chemical Society 

DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB The hierarchical self-assembly of rationally designed synthetic peptides 
into p- sheet tapes, ribbons, fibrils, and fibers opens up potentially 
useful routes to soft solid-like materials such as hydrogels, organogels, 
or liquid crystals. Here, it is shown how incorporation of Glu (side chain: 
CH2CH2COOH) or Orn (side chain: CH2CH2CH2NH2 ) into the primary structure 
of an 11 amino acid peptide enables self-assembly to be rapidly (seconds) 
and reversibly controlled by simply changing pH. Solns . of monomeric 
peptide, typically at concns . in excess of 0.003 volume /volume , can be 
switched within seconds to, for example, nematic gel states comprised of 
interconnected orientationally ordered arrays of fibrils or vice versa. 
This is to be compared with the lyophilized peptide dissoln. route to 
nematic fluids and gels which is impracticably long, taking many hours or 
even days. An important design principle, that stabilization of fibrillar 
dispersions requires of the order of one unit of net pos . or neg. charge 
per peptide mol . , is first demonstrated and then used to design an 11 
amino acid peptide Pll-3 (MeCO-Gln-Gln-Arg- Phe-Gln-Trp-Gln- Phe-Gln-Gln-Gln- 
NH2) whose self-assembly behavior is independent of pH (1 < pH < 10) . PH 
control is then incorporated by appropriately positioning Glu or Orn side 
chains so that the peptide-peptide free energy of interaction in the 
tape- like substructure is strongly influenced by direct electrostatic 
forces between y-COO- in Glu- or 5-NH3+ in Orn+, resp. This 
design principle is illustrated by the behavior of two peptides: Pll-4 
(MeCO-Gln-Gln-Arg-Phe-Glu-Trp-Glu-Phe-Glu-Gln-Gln-NH2) which can be 
switched from its nematic to its isotropic fluid state by increasing pH 
and Pll-5 (MeC0-Gln-Gln-0rn-Phe-0rn-Trp-0rn-Phe-Gln-Gln-Gln-NH2 ) designed 
to exhibit the converse behavior. Acid-base titrns. of fibrillar 
dispersions reveal deprotonation of the y-COOH of Glu or of the 
S-NH3+ of Orn+ occurs over wide bands of up to 5 pH units, a feature 
of polyelectrolytes . The values of the energy parameters controlling 
self-assembly can therefore be smoothly and continuously varied by 
changing pH. This enables isotropic fluid- to-nematic transitions to be 
triggered by relatively small addns . of acid or base, typically 1 part in 
103 by volume of 1 M HC1 or NaOH. 
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AB This invention relates to a novel form of p-barrel ion channels made 

of self -assembling peptides, to methods of their production and to uses 
thereof. The invention provides a self -assembling peptide p-barrel 
which comprises discrete peptide mols. each adopting a predominantly 
p- strand conformation. The p-barrels may be made by rationally 
designed peptides which self -assemble in the lipid membrane into beta 
barrels. The peptide p-barrels function as antimicrobial agents or 
antibacterial agents and act by forming a "hole" in the bacterium or 
microbe cell lipid bilayer. As an antimicrobial agent the p-barrel 
peptides of the invention are especially useful in wound care. The peptide 
P-barrels can allow ion flow and current to go through them. Their 
conductance properties can be altered by appropriate external triggers 
e.g. pH changes. Exemplary p-barrel forming self -assembling peptides 
and their conductance properties are described. The p-barrel 
channel -forming peptides are reconstituted into planar lipid bilayers by 
fusion of lipid vesicles containing the spanning channel. The assessment of 
the conductance and of the assembly states of the transmembrane peptides 
is made by the planar lipid bilayer method, where the ion channel activity 
is studied under voltage clamp conditions. 
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